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FIBER OPTIC DISPLAY‘ 

BACKGROUND OF THE INVENTION 

This invention relates to an improved spacer for a 
?ber optic display, that provides improved control over 
the position and spacing of individual ?bers. 
Glenn U.S. Pat. Nos. 4,208,096 and 4,116,739 disclose 

a method for making ?ber optic displays that is well 
suited for large volume, commercial fabrication of dis 
plays. In the Glenn method, optical ?bers are spirally 
wrapped around a core spacer, with each layer of ?bers 
separated by a further spacer. The resulting assembly is 
then split along an angled cut to form two identical 
displays on each side of the core spacer. The system 
disclosed in the Glen patent uses spacers which do not 
themselves have guides for positioning the ?bers later 
ally across the spacers. Hicks U.S. Pat. No. 3,043,910 
shows another ?ber optic display that uses ?at spacers 
27, as best shown in FIG. 12. 
Though the Glen patents describe an effective 

method that has been successfully used to make ?ber 
optic displays on a commercial basis, there have been 
efforts to provide spacers with edge guides for ?ber 
optic ribbons. See Sedlmayr U.S. Pat. No. 4,650,280. As 
shown in FIG. 5 of the Sedlmayr patent, each spacer 
de?nes a trough that receives an entire ribbon made up 
of ?ber optic strands positioned in a closely packed 
arrangement (see also FIG. 2). This approach is se 
verely limited, because the lateral spacing between 
individual ?bers of the ribbon is determined by the 
ribbon, and not by the spacer itself. This makes it dif? 
cult or impossible to alter the lateral spacing between 
adjacent ?ber optic strands with the spacer. 
Aurenz U.S. Pat. No. 3,909,109 discloses a ?ber optic 

display in which individual ?bers are bent at right an 
gles in the device (FIG. 2). These ?bers are mounted on 
plates 2, which may have embossing to de?ne the posi 
tion of the ?bers (Col. 3, lines 64-66). However, Aurenz 
provides no details on such embossing, and the right 
angle bends in the ?bers of Aurenz make the structure 
shown in Aurenz unsuitable for the Glenn fabrication 
method. 
Of course, there has been considerable activity in the 

?eld of guiding optical ?bers during fabrication of ?ber 
optic devices. Note for example the troughs for receiv 
ing rows of closely packed ?bers shown in FIG. 11 of 
James U.S. Pat. No. 3,644,922 and FIGS. 12 and 13 of 
Yevick U.S. Pat. No. 3,864,034. See also the plates or 
screens with apertures for individual ?bers in Smith 
U.S. Pat. No. 3,717,531 and Ney U.S. Pat. No. 
3,853,658. Comb guides .have been used to position 
individual ?bers, as shown in Aurenz U.S. Pat. No. 
3,954,546 and Murata U.S. Pat. No. 3,871,591. In a 
somewhat similar fashion, guides have been provided to 
separate individual ?bers in a cable (W ashburn U.S. Pat. 
No. 3,542,451 and Bloodworth U.S. Pat. No. 4,364,788). 
Finally, Courtney-Pratt U.S. Pat. No. 3,141,105 and 
Ogle U.S. Pat. No. 3,498,864 take an entirely different 
approach by substituting molded arrays of light guides 
for individual strands that are assembled as described in 
the Glenn patents. 

In spite of the high level of activity in this ?eld, none 
of the patents discussed above suggests a system for 
positioning each individual ?ber precisely and individu 
ally in a display that can be manufactured using the 
highly advantageous Glenn method. 
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SUMMARY OF THE INVENTION 

This invention relates to an improvement in a ?ber 
optic display of the type that comprises an array of 
discrete optical ?bers arranged in a matrix having a 
plurality of rows, each row having a plurality of optical 
?bers, wherein the array of optical ?bers has a light 
input end and a light output end. According to this 
invention, a plurality of spacers is provided, each spacer 
de?ning an array of parallel grooves on one side 
thereof, each of said grooves sized to receive a respec 
tive one of the optical ?bers. Each of the grooves is 
separated by a land having a width such that adjacent 
optical ?bers in each row are laterally separated from 
one another by a distance no less than the width of the 
respective land. The optical ?bers are secured in the 
grooves with no more than one optical ?ber in each 
groove such that the grooves position the optical ?bers 
precisely with respect to one another within each row. 
The spacers are secured together in aligned registration 
to form a surface such as a display surface aligned with 
selected ends such as the light output ends of the optical 
?bers. This surface is positioned at an acute angle with 
respect to the grooves such that the ends at the surface 
are elongated in a direction extending along the rows. 
The spacer of this invention provides signi?cant ad 

vantages. In particular, the individual grooves allow the 
spacing- between individual ?bers to be controlled 
within a row, as well as between rows. Also, ?ber diam 
eter may be selected independently of ?ber spacing. 
These factors provide an important dimension of design 
flexibility. Furthermore, the individual grooves prevent 
tangling or squirreling of ?bers throughout the region 
of contact between the ?bers and the spacers. 

Because each of the ?bers is individually channelled 
and positioned by the respective groove, ?ber align 
ment is not limited by the precision with which a ribbon 
of closely packed ?bers can be made. Individual ?bers 
vary to some extent from one another in diameter, and 
in a ribbon of closely packed ?bers such variations can 
result in cumulative errors that misposition a ?ber sig 
ni?cantly. The grooves of the spacer of the present 
invention can however be positioned precisely, each 
with respect to a reference position. For this reason, the 
spacer of this invention is well adapted to avoid accu 
mulated errors that may misposition a ?ber. 
The spacer of this invention provides further advan 

tages in that it is well adapted to automatic fabrication 
techniques. This spacer can be used in the Glenn fabri 
cation method described above, as well as in other auto 
matic methods such as those using pick and place ma 
chines to place individual ?ber optic strands in the 
grooves of the spacers. Because the spacer of this inven 
tion is well suited to be cut at an acute angle to provide 
two display surfaces as described in detail below, the 
excellent brightness and the wide viewing angles associ 
ated with such angle cuts can both be obtained. The 
spacer of this invention can readily be injection molded, 
and it can be stacked in an automatic process to build up 
large display surfaces. Furthermore, the spacer of this 
invention completely eliminates the need for prefabri 
cated ribbons, and the costs associated with such pre 
fabrication. 
The invention itself, together with further objects 

and attendant advantages, will best be understood by 
reference to the following detailed description, taken in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially schematic view of a ?ber optic 
display that incorporates a presently preferred embodi 
ment of this invention. 
FIG. 2 is a top view of two of the spacers included in 

the embodiment of FIG. 1. 
FIG. 3 is an end view taken along line 3-3 of FIG. 

2. 
FIG. 4 is an enlarged end view of the encircled re 

gion of FIG. 2. 
FIG. 5 is a bottom view of the spacers of FIG. 2. 
FIG. 6 is a sectional view taken along line 6-6 of 

FIG. 5, in which the grooVes of the top surface have 
been deleted for clarity. 
FIG. 7 is a view corresponding to FIG. 3 showing a 

plurality of the spacers of FIG. 3 stacked one above 
another during fabrication. 
FIG. 8 is an enlarged view of the display surface of 

the embodiment of FIG. 1 taken along line 8—-8 of FIG. 
1. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

Turning now to the drawings, FIG. 1 shows a par 
tially schematic side view of a ?ber optic display 10. 
This display 10 is made up of an array of discrete optical 
?bers 12 which have input ends 14 and output ends 16. 
The output ends 16 are held in precise registration by 
spacers as described in detail below, and cooperate to 
form a display surface 18. The input ends 14 are likewise 
held in precise registration in a more closely packed 
arrangement. An optical image is incident into the input 
ends in the direction of the arrows 20, and the light is 
transmitted by the optical ?bers 12 to the output ends 16 
where it is emitted in the direction of the arrows 20 for 
viewing. 

In general, such ?ber optic displays are well known 
to those skilled in the art and no further detail is re 
quired in order adequately to illustrate the environment 
of the present invention. This invention is not limited to 
any speci?c type of ?ber optic display, and the input 
end geometry in particular may be varied considerably. 
The input ends 14 may be rigidly positioned with re 
spect to the output ends 16 as described in the Glenn 
patents referenced above. Alternately, the intermediate 
portions of the optical ?bers may be of considerable 
length and may be ?exible to allow adjustment between 
the positions of the input and output ends, as described 
in the above-identi?ed Sedlmayr patent. 
The present invention is directed to spacers used to 

hold the ends of the ?bers in registration, and the fol 
lowing detailed description will focus on the structure 
and operation of these spacers. 
FIG. 2 shows a pair of spacers 24 (prior to being 

severed from one another) which incorporate a pres 
ently preferred embodiment of this invention at an inter 
mediate stage of assembly of the ?ber optic display. 
Each spacer 24 is plate like in shape and de?nes op 
posed, parallel top and bottom surfaces 26, 52 as shown 
in FIG. 3. The top surface 26 de?nes an array of parallel 
grooves 28, and ungrooved surfaces 30 are positioned 
on either side of the array of grooves. Each end of the 
spacer 24 de?nes a respective end surface 27 positioned 
perpendicular to the grooves 28. A canted edge surface 
31 bounds a part of the ungrooved surface 30 to allow 
closer spacing of the spacer assemblies as described 
below. Openings 32 are formed in each spacer 24 on the 
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4 
ungrooved surface 30, and these openings 32 can be 
used in mounting the ?nished assembly in place. 
As shown in FIG. 4, each of the grooves 28 receives 

a respective one of the discrete optical ?bers 12. In the 
?nished display the output ends 16 of the optical ?bers 
12 are arranged in a matrix made up of a plurality of 
rows, each row having a plurality of ?bers. In this con 
text the term row is used to refer to the row of ?bers 
secured to a single spacer 24, as shown at 50 in FIG. 7. 
FIG. 4 is an enlarged view in the plane of FIG. 3 and 

is provided to illustrate the geometry of the grooves 28 
in greater detail. As shown in FIG. 4 the grooves 28 are 
separated by lands 34. Each of the grooves 28 is made 
up of two side walls 36 and a bottom wall 38. In this 
embodiment the side walls 36 taper outwardly such that 
the groove 28 is trapezoidal in cross section with a 
greater width at a shallower portion of the groove than 
at a deeper portion of the groove. In this embodiment 
the corners 40 between the side walls 36 and the lands 
34 and the bottom wall 38 are slightly rounded. 
As shown in FIG. 4 the grooves 28 of this embodi 

ment are carefully sized with respect to the ?bers 12 
such that the ?bers 12 contact the side walls 36 before 
they contact the bottom wall 38. This elevates each of 
the ?bers 12 slightly above the respective bottom wall 
38, thereby maintaining a glue space 42. 
FIG. 5 is a plan view of the bottom surface 52 of the 

spacers 24. Ribs 54 are positioned around the perimeter 
of each spacer 24 and at selected reinforcing positions. 
The depressions 56 between the ribs reduce the weight 
and material requirements of the spacers 24, as well as 
warping associated with material shrinkage. FIG. 6 
shows how two of the ribs 54 are positioned on either 
side of the axis 48 described below. ’ 
FIG. 7 shows an end view of a plurality of the spacers 

24 during an intermediate stage of fabrication of a 
spacer assembly. In general, a pair of spacers 24 is posi-v 
tioned, then a row 50 of ?bers 12 is installed in the 
grooves 28 and glued in place. A next adjacent spacer 
24 is then ?xed in place over the row 50 of ?bers 12 and 
the process is repeated until a spacer assembly contain 
ing the desired number of spacers is obtained. Adjacent 
spacers 24 are glued together to form a monolithic as 
sembly. 
Once the desired number of spacers 24 has been as 

sembled together as described above, the spacer assem 
bly is then cut into two parts along the axis 48 as shown 
in FIGS. 2 and 5. This axis 48 is disposed at an acute 
angle with respect to the grooves 28, in this embodi 
ment 20°. In this way two identical spacer assemblies 
are formed, each de?ning a separate display surface 18. 
Standard grinding and polishing techniques can be used 
to provide the desired ?nish to the display surface. 
FIG. 1 shows the manner in which these ?nished 

spacer assemblies can be arranged one adjacent to the 
next to form a large ?ber optic display. The canted edge 
surfaces 31 provide an access path for optical ?bers 12 
emerging from the end surface 27 of the spacer assem 
bly. FIG. 8 shows an enlarged view of a portion of the 
display surface 18. As shown in FIG. 8, the output ends 
16 of the optical ?bers 12 are elongated along the direc 
tion of the rows. The spacing between adjacent optical 
?bers 12 within a row is determined by the width of the 
lands 34, and the separation between adjacent optical 
?bers in the columns of the output ends 16 is determined 
by the thickness of the spacers 24. 
The grooves 28 position the ?bers precisely, in a 

manner that completely overcomes problems associated 
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with accumulated dimensional errors or tolerances. 
Furthermore, the grooves are shaped to maintain a glue 
space to provide excellent bonding between the ?bers 
and the side walls of the grooves, and to facilitate inser 
tion of the optical ?bers into the grooves. 

Simply by way of illustration in order better to de?ne 
the presently preferred embodiment of this invention, 
the following details of fabrication have been found 
suitable. In this embodiment each of the spacers 24 
de?nes thirty parallel grooves 28. The optical ?bers are 
0.030 inches in diameter and the distance between cen 
ter lines of adjacent ?bers is 0.070 inches. The spacers 
24 are preferably injection molded from polycarbonate 
such as that available from Fiberchem, Inc. as 
300-15-77001 BLACK. In this embodiment each of the 
spacers 24 is 6.28 inches in length, 3 inches in width, and 
0.200 inches in thickness. With respect to the geometry 
of the grooves 28, the presently preferred arrangement 
is to have each of the grooves 0.031 inches in depth, 
0.040 inches in width at the side surface 28, with lands 
0.030 inches in width. Preferably, the corners 40 have a 
radius of 0.005 inches, and the included angle between 
the bottom wall 38 and the side walls 36 is about 105°. 
This geometry leaves a typical glue space of 0.0005 
inches, which has been found suitable. Thirty spacers of 
the type described above can be stacked to obtain a 
spacer assembly 6 inches in height. 
A wide variety of materials can be used for the dis 

crete optical ?bers 12, but in this embodiment a material 
such as acrylic ?ber is used. The optical ?ber supplied 
by Mitsubishi as fiber CK-30 has been found suitable. 
Similarly, a wide variety of adhesives can be used to 
secure the ?bers in the grooves, and to secure adjacent 
spacers together. However, in this embodiment, Master 
Bond EP 30 epoxy has been found suitable. Preferably 
the optical ?bers are tensioned during assembly with a 
force of about one half pound per ?ber, and the entire 
assembly is completed in less than 50 minutes to prevent 
the applied tension from damaging the ?bers. 
As pointed out above, the spacers 24 can be used in a 

wide variety of optical displays, including those in 
which the input ends are either rigidly or ?exibly posi 
tioned with respect to the output ends. Of course, the 
size, spacing and other geometrical considerations can 
be varied as appropriate for the particular application. If 
desired, the lands may be varied in width within a single 
spacer to vary the lateral separation between selected 
pairs of adjacent ?bers. Of course, the lands may be 
varied in width between spacers or between displays to 
obtain the desired sepm'ation between adjacent ?bers in 
a row. 

The assembly method set out above can be used as 
part of the Glenn method described in the above-identi 
?ed Glenn patents. In this arrangement a central spacer 
such as a rotatable wheel is provided with ?xtures for 
mounting two separate sets of spacers 24 at diametri 
cally opposed positions on the wheel. At 90“ with re 
spect to these two sets of spacers other ?xtures are 
provided to pack the input ends of the optical ?bers 12 
in a closely spaced array of rows and columns. Once the 
entire assembly has been completed, each of the spacer 
assemblies is out at an acute angle as described above to 
provide two separate display surfaces 18, and each of 
the output end assemblies is severed as described in the 
Glenn patent to provide two separate output ends. In 
this way, four separate ?ber optic displays are obtained. 
Of course, spiral winding methods similar to the Glenn 
method can be used to form any even number of sepa 
rate ?ber optic displays, and other winding techniques 
can be used to make single ?ber optic displays. The 
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6 
spacer 24 is not limited to winding production methods, 
and can also be used in systems in which robotic arms 
pick up discrete ?bers and place them in the grooves. 
From the foregoing it should be apparent that an 

improved ?ber optic display has been described that 
brings with it signi?cant fabrication and structural ad 
vantages. It should be understood that the present in 
vention is not limited to the foregoing speci?c example, 
and that a wide range of changes can be made to adapt 
the invention to particular applications. It is therefore 
intended that the foregoing detailed description be re 
garded as illustrative rather than limiting, and that it be 
understood that it is the following claims, including all 
equivalents, which are intended to de?ne the scope of 
this invention. 

I claim: 
1. In a ?ber optic display of the type comprising an 

array of optical ?bers arranged in a matrix having a 
plurality of rows, each row having a plurality of dis 
crete optical ?bers, wherein said array of optical ?bers 
has ?rst and second ends, the improvement comprising: 

a plurality of spacers, each spacer de?ning an array of 
parallel grooves on one side thereof, each of said 
grooves sized to receive a respective one of said 
optical ?bers such that the grooves of each spacer 
receive the optical ?bers of a respective one of the 
rows, each of said grooves separated by a land 
having a width such that adjacent optical ?bers in 
each row are laterally separated from one another 
by a distance no less than the width of the respec 
tive land; 

said optical ?bers secured in said grooves with no 
more than one optical ?ber in each groove such 
that the grooves position the optical ?bers pre 
cisely with respect to one another in each row; 

said spacers secured together in aligned registration 
to form a surface aligned with the ?rst ends of the 
optical ?bers; 

said surface positioned at an acute angle with respect 
to said grooves such that the ?rst ends are elon 
gated in a direction extending along the rows. 

2. The invention of claim 1 wherein the optical ?bers 
are circular in cross section and the grooves are trape 
zoidal in cross section, with a greater width in a shal 
lower part of the groove than in a deeper part of the 
groove. 

3. The invention of claim 2 wherein each groove 
de?nes a bottom wall and a pair of side walls, and 
wherein the bottom wall de?nes an included angle of 
about l05° with each of the side walls. 

4. The invention of claim 1 wherein each of the opti 
cal ?bers de?nes a diameter, and wherein the width of 
each of the lands is substantially equal to the diameter. 

5. The invention of claim 1 wherein each of the 
grooves de?nes a bottom wall and wherein at least some 
of the grooves are shaped to receive the optical ?bers 
but to prevent the optical ?bers from contacting the 
bottom wall, thereby maintaining a glue space between 
the ?bers and the bottom walls. 

6. The invention of claim 5 wherein each of the opti 
cal ?bers de?nes a diameter, wherein each of the 
grooves de?nes a depth, and wherein the diameter is 
slightly less than the depth. 

7. The invention of claim 1 wherein the acute angle is 
about 20°. 

8. The invention of claim 1 wherein each of the spac 
ers de?nes a bottom side of the spacer opposed to the 
groove bearing side, and wherein the bottom side de 
?nes an array of ribs separated by recesses. 
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